Up-regulation of Mcl-1 is critical for survival of human melanoma cells upon endoplasmic reticulum stress.
We have previously shown that most melanoma cell lines are insensitive to endoplasmic reticulum (ER) stress-induced apoptosis, and this involves activation of the mitogen-activated protein/extracellular signal-regulated kinase (MEK)/ERK signaling pathway and expression of the apoptosis repressor with caspase recruitment domain (ARC) protein in the cells. In the present study, we show that up-regulation of the antiapoptotic Bcl-2 family member Mcl-1 is another mechanism critical for protection of melanoma cells against ER stress-induced apoptosis. Inhibition of Mcl-1 by small interference RNA (siRNA) rendered melanoma cells sensitive to apoptosis induced by the ER stress inducers thapsigargin and tunicamycin, but this sensitization was partially reversed by siRNA knockdown of PUMA or Noxa, as shown in Mcl-1-deficient melanoma cells. Both PUMA and Noxa were increased by ER stress through transcriptional up-regulation, but only up-regulation of Noxa was dependent on p53, whereas up-regulation of PUMA seemed to be mediated by a p53-independent mechanism(s). Up-regulation of Mcl-1 was also due to increased transcription that involved the IRE1alpha and activating transcription factor 6 signaling pathways of the unfolded protein response. In addition, activation of the MEK/ERK signaling pathway seemed to be necessary for optimal up-regulation of Mcl-1. Taken together, these results reveal the mechanisms of resistance of melanoma cells to apoptosis induction mediated by BH3-only proteins upon ER stress, and identify Mcl-1 as a target for the treatment of melanoma in combination with therapeutics that induce ER stress.